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METHOD AND APPARATUS FOR BLOW MOLDING 
Field of the Invention 

[0001] This invention relates generally to molding processes and apparatuses and 

more particularly to plastic blow molding processes and apparatuses. 

Background of the Invention 

[0002] Blow molding is a well known method for producing a variety of plastic 

products, particularly hollow vessels including fuel tanks, containers, and the like. As 
depicted in FIG. 1, a blow molding process and apparatus M typically involves spreading 
portions of a heated pre-formed plastic article A between two spreader pins P. As 
shown, blow molding processes almost universally involve molding the hot pre-formed 
article A between two mold halves HI and Hr, which open away from one another and 
close together along a single axis X. 

[0003] One variation on this concept is disclosed in U.S. Patent 5,198,174 to 

Nakagawa et al. Nakagawa et al is directed toward the problems associated with forming 
a radially extended flange portion at one end of a hollow plastic product, such as a 
flanged pipe. Nakagawa et al. asserts that it is nearly impossible to simultaneously and 
integrally blow mold a tubular portion with a hollow head or a radially extending flange 
portion at one end of the tubular portion due to unacceptable thinning of the material at 
the corners of the flange portion. Therefore, Nakagawa et al instead teach a method of 
blow molding the tubular portion and then injection molding a solid radially extending 
flange portion on the tubular portion. Nakagawa et al disclose a blow mold having a pair 
of mold closures or mold halves that close toward one another along an axis. Each of the 
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mold halves includes a recess and a mating surface. When the mold halves come toward 
one another, their respective mating surfaces engage one another to close the mold. In 
other words, the closed mold is established by the closure of the mold halves together 
such that the mating surfaces engage. A first mold cavity is defined not only by the 
recesses of the mold halves, but also by movable mold segments that are mounted within 
the mold halves and that are moved to an advanced position within the mold halves. The 
first mold cavity is provided to blow mold the tubular portion of the hollow article. A 
second mold cavity is defined by the movable mold segments when they are moved to a 
retracted position within the mold halves. The second mold cavity is provided to 
injection mold the solid flange portion of the hollow article. 

[0004] Another variation is disclosed in U.S. Patent Application Publication 

2002/0171161 to Belcher. Belcher identifies several problems with combining blow 
molding and injection molding operations to form a single hollow article, such as a bottle 
with a handle. Belcher teaches a method of blow molding a bottle and thereafter 
pinching side walls of the blown bottle so as to bond adjacent interior wall surfaces 
together to form the handle. Belcher discloses a blow mold having two mold closures; a 
front half section and a rear half section that define the front and rear of the bottle and 
traverse toward one another along an axis. Both half sections have mating surfaces that 
engage one another to close the mold and define a mold cavity, wherein the bottle is 
expanded or blown. A movable mold segment is mounted within each of the half 
sections to move along an axis that is parallel to the closure axis. The movable mold 
segments are linearly opposed and move toward one another from a retracted position to 
an advanced position to pinch opposed portions of the blown bottle together to form an 
integral handle. 
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[0005] Thus, the Nakagawa et al and Belcher references both teach the 

conventional method of closing a mold by bringing two mold closures or mold halves 
together. Unfortunately, however, the use of two mold halves to close a blow mold has 
some drawbacks. Referring again to FIG. 1, mold halves HI and Hr engage one another 
along mating engagement surfaces SI and Sr in a closed position as shown. During a 
blowing step, relatively large portions of the pre-formed article A tend to get pinched 
between the mating engagement surfaces SI and Sr of the mold halves HI and Hr, which 
is an undesirable condition. As shown in FIG. 2, this pinching phenomenon creates a 
heavy parting line L in a finished blow molded article B. Pinching of pre-formed 
material and resulting heavy parting lines are especially problematic when blow molding 
a multi-layer article, such as that shown, which includes a relatively thin and fragile 
inner membrane I. Due to the pinching of the pre-formed article between the mold 
halves, such membranes can become ruptured in various places along the parting line, as 
shown by rupture R. Ruptured membranes are undesirable, especially when the purpose 
of such membranes is to prevent vapor permeation through the wall of the finished blow 
molded article. Specifically, hydrocarbon vapors can escape to atmosphere through the 
walls of a fuel tank through such ruptured membranes. 

[0006] Another problem associated with conventional blow molding processes 

and apparatuses involves unnecessarily high stretch ratios of pre-formed articles. In 
other words, conventional blow molding typically involves using parisons or pre-formed 
articles, wherein portions thereof must be blown or expanded to two to three times their 
original size in order to achieve the final dimensions of the finished blow molded article. 
Accordingly, some portions of the pre-formed article will experience a high stretch ratio, 
thereby resulting in significant thinning of the wall thickness of those portions, as 
discussed in the Nakagawa et al. reference. In contrast, other portions of the pre-formed 
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article will experience a low-stretch ratio, thereby resulting in relatively little thinning. 
This significant difference in stretch ratios over the entirety of the pre-formed article 
tends to result in a finished blow-molded component with a wall thickness distribution 
that is substantially non-uniform. 

Summary of the Invention 

[0007] A method of blow molding an article which generally includes the steps 

of positioning a parison between three or more mold closures, advancing the mold 
closures along two or more axes to close the mold closures around the parison, and blow 
molding the parison to produce the article. More specifically, the method of making the 
article may include the steps of: positioning a parison between multiple mold closures; 
advancing one or more of the multiple mold closures along a first axis and advancing one 
or more other of the multiple mold closures along another axis, which is generally 
transverse to the first axis; injecting a gas within the interior of the parison; retracting the 
mold closures along their respective axes; and removing a molded article formed from 
the parison. Articles are also produced by the processes described above. 
[0008] An apparatus for blow molding an article from a parison is also provided. 

The apparatus includes first and second opposed mold closures that are retractable 
between open and closed positions along an axis. The apparatus further includes one or 
more other mold closures that are translatably mounted to the first and second opposed 
mold closures and are retractable between open and closed positions along another axis. 
[0009] Objects, features, and advantages of this invention include providing an 

apparatus and method for producing an article that improves the surface quality and 
internal integrity of a blow molded article, reduces the hydrocarbon permeability of a 
blow molded fuel tank, reduces the stretch ratio of a blow molding operation, enables 
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blow molding of flange portions, enables use of a relatively larger parison than before 
possible, eliminates the need to use pinch plates and pre-blowing, better facilitates the 
blow molding of a fuel tank around a carrier to produce a "Ship-In-a-Bottle" article that 
is of relatively simple design, economical manufacture and assembly, and has a long 
service life. 

Brief Description of the Drawings 

[0010] These and other objects, features and advantages of this invention will be 

apparent from the following detailed description of the preferred embodiments and best 
mode, appended claims, and accompanying drawings in which: 

[0011] FIG. 1 is a cross-sectional view of a blow molding apparatus in 

accordance with the prior art; 

[0012] FIG. 2 is a partial cross-sectional view of a prior art blow molded 

component manufactured using the prior art apparatus of FIG. 1; 

[0013] FIG. 3 A is a partial cross-sectional view of a blow molding apparatus in 

an open or retracted position, according to an embodiment of the present invention; 
[0014] FIG. 3B is a partial cross-sectional view of the blow molding apparatus of 

FIG. 3A along lines 3B-3B, illustrating spreader pins engaging a lower portion of a 
parison; 

[0015] FIG. 3C is a partial cross-sectional view of the blow molding apparatus of 

FIG. 3A, illustrating the spreader pins fully extended and a blow pin mechanism and a 
carrier extending up into the parison; 

[0016] FIG. 4 is a cross-sectional view of the blow molding apparatus of FIG. 3 A 

in a closed or advanced position with the parison fully spread by the spreader pins; 
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[0017] FIG. 5 A is a partial cross-sectional view of the blow molding apparatus of 

FIG. 3A, illustrating gas being injected through the blow pin to fully expand the parison; 
[0018] FIG. 5B is a cross-sectional view of the blow molding apparatus of FIG. 

3 A, illustrating the parison being fully blown into final position; and 
[0019] FIG. 6 is a partial cross-sectional view of a blow molded component 

produced by the apparatus of the present invention and/or in accordance with the method 
of the present invention. 

Detailed Description of the Preferred Embodiments 

[0020] Referring in detail to the drawings, FIG. 3A illustrates a blow molding 

apparatus 10 of the invention, which is constructed for use with a blow molding machine 
12. The blow molding apparatus 10 is depicted in cross section, looking downward 
along a Z axis with an X axis extending left to right and a Y axis extending rear to front. 
As defined herein, X, Y, and Z are orthogonal axes and each axis represents a relative 
direction, rather than a specific line along that direction. Moreover, the terms left, right, 
front, and rear are used as an expedient for more clearly explaining the present invention, 
and are not to be interpreted as limiting the present invention to the orientations 
described herein. The blow molding apparatus 10 includes left and right base frames 14 
and 16 that are attached to left and right movable platens or mold closers 18 and 20 of 
the blow molding machine 12. The base frames 14 and 16 may be constructed in an 
open space frame configuration as is well known in the art, such as from a weldment or a 
casting, such that hydraulic lines, coolant lines, and the like can be routed therethrough. 
Likewise, the mold closers 18 and 20 are well-known in the art and are typically 
component parts of the blow molding machine 12 that are activated hydraulically. 
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[0021] Unlike prior art blow molding apparatuses that only include two opposed 

movable mold halves, the blow molding apparatus 10 of the present invention includes a 
plurality of movable mold closures or segments, which are shown in FIG. 3A in a 
retracted or open position. The plurality of movable mold segments includes a left mold 
segment 22 mounted on the left base frame 14 and a right mold segment 24 mounted on 
the right base frame 16. Accordingly, the mold closers 18 and 20 are capable of 
traversing the left and right mold segments 22 and 24 between open and closed positions 
along the X axis. Rear and front left mold segments 26 and 30 are slidably mounted to 
the left segment 22, and rear and front right mold segments 28 and 32 are slidably 
mounted to the right segment 24. Thus, the rear and front mold segments 26, 28 and 30, 
32 are slidable between open and closed positions along the Y axis. As shown, the rear 
and front mold segments 26, 28 and 30, 32 move perpendicularly transverse to the X axis 
motion of the left and right mold segments 22, 24. However, the mold segments 22, 24, 
26, 28, 30, 32 may move in any generally oblique or transverse directions with respect to 
one another. Each of the mold segments 22, 24, 26, 28, 30, 32 is preferably jacketed 
with cooling passages therethrough as is well known in the art. 

[0022] The rear and front mold segments 26, 28 and 30, 32 need not be mounted 

to their respective left and right mold segments 22 and 24, but instead could be 
separately mounted to the blow molding machine 12, such as by rear and front mold 
closers (not shown), similar to the left and right mold closers 18 and 20. While this 
specific mounting configuration of the mold segments and closures of the present 
invention is particularly cost effective, it is contemplated that other, more complex mold 
segments and closure arrangements could be provided and still fall well within the scope 
of the present invention. For example, three or more mold segments could be arranged 
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radially with respect to a common center, wherein the mold segments advance radially 
inwardly toward the common center. 

[0023] In any case, each of the left and right mold segments 22 and 24 includes 

mold surfaces 22a and 24a, which partially define a mold cavity 34. The mold cavity 34 
is further defined by mold surfaces 26a, 28a, 30a, and 32a of respective mold segments 
26, 28, 30, 32. Likewise, all of the mold segments 22, 24, 26, 28, 30, 32 collectively 
define a mold of the present invention. The rear and front mold segments 26, 28, 30 and 
32 also include abutment surfaces 26b, 28b, 30b, and 32b; driven surfaces 26c, 28c, 30c, 
and 32c; and sliding surfaces 26d, 28d, 30d, and 32d. Likewise, left and right mold 
segments 22 and 24 include sliding surfaces 22r, 22f, and 24r, 24f for respective sliding 
engagement with sliding surfaces 26d, 30d, and 28d, 32d. 

[0024] The rear mold segments 26 and 28, and the front mold segments 30 and 

32, are slidably mounted to respective portions of the left and right mold segments 22 
and 24 using an interlocking guide rail arrangement. Interlocking guide rail 
arrangements are well known in the art of machine and tool design. In any case, guide 
rail support blocks 36 are T-jointed and fastened to respective portions of the left and 
right mold segments 22 and 24. The guide rail support blocks 36 are provided for 
supporting STAR brand guide rails 38 thereon. The guide rails 38 are mounted to and 
fastened atop the support blocks 36 and the respective sliding surfaces 22r, 22f, 24r, 24f 
of the left and right mold segments 22 and 24. The guide rails 38 interengage with 
STAR brand standard runner blocks 40, which are mounted to and fastened within 
channels (not shown), which are milled into respective sliding surfaces of the mold 
segments. Accordingly, the rear and front mold segments 26, 28, 30, 32 are slidable fore 
and aft along the Y axis. 
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[0025] To slide the rear and front mold segments 26, 28, 30, 32 along the Y axis, 

HEB brand hydraulic cylinders 44 are mounted to the driven surfaces 26c, 28c, 30c, and 
32c of the rear and front mold segments 26, 28, 30, 32, preferably by a clevis 
arrangement (not shown). The hydraulic cylinders 44 are preferably of a self-locking 
type and are supported by weldment brackets 46, which are mounted and fastened to the 
left and right mold segments 22 and 24 and to the left and right base frames 14 and 16 as 
shown. Accordingly, the X axis motion of each of the left and right mold segments 22 
and 24 is independently controllable, and the Y axis motion of each of the rear and front 
mold segments 26, 28, 30, 32 is independently controllable. 

[0026] Shown in FIG. 3A, positioned just below the open mold cavity 34, is a 

four way spreader device defined partially by four vertically disposed spreader pins 48. 
Two-way spreader devices are well known in the art of blow molding machine design. 
The four-way spreader, however, provides four spreader pins, instead of two, that are 
movable radially outwardly with respect to one another. Accordingly, the four-way 
spreader provides more of a 360 degree contact with an article, compared with the 180 
degree contact of two-way spreaders of the prior art. 

[0027] Positioned centrally of and just below the four-way spreader is a blow pin 

device 50. Blow pin devices are generally known in the art for communicating a gas 
under pressure with the interior of an article to be blow molded within the mold cavity of 
a blow mold. With the present invention, however, the blow pin device 50 includes a 
socket 52, or a gripper device, for releasably holding a carrier 54 thereon. 
[0028] The carrier 54 is an assembly that includes a main structural member and 

a plurality of components thereon, wherein the assembly is ultimately received within a 
final blow molded article. As defined herein, however, the carrier 54 may be any type of 
separate component or sub-assembly that is suitable for insertion within a vessel or other 
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blow molded article. The carrier 54 may also function as a baffle or divider plate, which 
divides the volume of a finished, blow-molded, vessel into smaller portions and 
eliminates or reduces surging or splashing of large amounts of liquid within the finished 
vessel. Advantageously, the carrier 54 is at least locally connected, and preferably 
bonded or welded, to the inside of the finished vessel. To this end, the carrier 54 may 
have a plurality of feet or connecting elements (not shown) spaced along its edges, which 
consist of a plastic material that is weldable or bondable to the inside of the finished 
vessel. The remainder of the carrier 54 may therefore consist of a plastic material, which 
is not weldable or bondable to the material of the tank, or it may consist of a metal. The 
carrier 54 is similar to that disclosed in U.S. Patent Application Publication 
2001/0013516, which is assigned to the assignee hereof and is incorporated by reference 
herein. 

[0029] Finally, a parison 56 is shown in cross-section and encircles the four way 

spreader. The parison 56 is preferably a molten, plastic, tubular preformed article. The 
parison 56 preferably comprises a plurality of layers of different thermoplastic polymer 
materials that are simultaneously extruded. For example, in a six layer co-extrusion of 
the parison 56 for making a vehicle fuel tank, the parison 56 has inner and outer 
structural layers of polyethylene (such as HDPE), and may have a layer of so-called "re- 
grind" or recycled scrap material between the outer layers, and a fuel vapor barrier layer 
(of ethylene vinyl alcohol or other polymer resistant to fuel vapor permeation) that is 
sandwiched between two adhesive layers which connect the vapor barrier layer to the 
structural polymeric layers of re-grind and/or virgin HDPE. 

[0030] FIG. 3B illustrates a cross-sectional view of the blow molding apparatus 

10 of FIG. 3 A, taken along line 3B-3B. The open mold cavity 34 is partially defined by 
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the mold surfaces 22a, 24a, 26a, 28a of the various mold segments 22, 24, 26, 28. The 
blow pin device 50 and carrier 54 are shown in a fully lowered or retracted position. 
[0031] In a method according to one embodiment of the present invention, an 

extruder 58 produces the parison 56. The extruder 58 is preferably a co-extrusion device, 
which is well known in the art. The extruder 58 essentially processes an input of plastic 
pellets to form an output of a co-extruded tubular preform of hot plastic, otherwise 
known as the parison 56. The parison 56 may be gravity fed directly to the open mold 
cavity 34 between or amongst the various mold segments 22, 24, 26, 28, 30, 32. 
Alternatively, the parison 56 may be gripped by a transfer mechanism (not shown), torn 
from the extruder 58, and transported into the open mold cavity 34 for blow molding into 
a finished article or vessel, such as a fuel tank. In any case, the parison 56 is lowered to 
a point where a lower end 60 of the parison 56 encircles the spreader pins 48, which are 
in a closed or retracted position. 

[0032] As shown in FIG. 3C, the spreader pins 48 are positioned within the lower 

end 60 of the parison 56. It is contemplated that the spreader pins 48 can extend 
vertically upward deep into the interior of the parison if desired. In any case, the 
spreader pins 48 are moved laterally apart, or radially outwardly. Accordingly, the 
spreader pins 48 spread out the lower end 60 of the parison 56 to better distribute the 
parison material within the mold and to further open at least the lower portion of the 
parison 56. 

[0033] Preferably after the four-way spreader has spread or opened the parison 

56, the blow pin device 50 and carrier 54 are extended upwardly into the parison 56 to an 
advanced position within the mold. The carrier 54 may be loaded into the socket 52 of 
the blow pin device 50 manually or automatically, such as by a robot (not shown). Blow 
pin devices 50 and the means for advancing blow pin devices are generally well known 
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in the art of blow molding. The present invention, however, contemplates the use of 
rodless pneumatic cylinders, or HEB brand pneumatic hollow rod cylinders, in order to 
provide the blow pin advancing motion. The hot parison 56 is somewhat molten, 
flexible and sticky, so care must be taken to maintain the parison 56 separate or spaced 
from the carrier 54. Ordinarily, a supply of pressurized air may be provided into the 
parison 56 to maintain it open and prevent it from collapsing or otherwise engaging the 
carrier 54 prior to closing the mold. However, such a pre-blowing step is usually not 
necessary when using the four equidistantly spaced spreader pins 48 of the four-way 
spreader device, which sufficiently keeps the parison 56 opened to prevent contact with 
the carrier 54. 

[0034] Preferably, when the blow pin device 50 and carrier 54 are extended to 

the fully advanced position, the mold closes. Accordingly, FIG. 4 illustrates the blow 
molding apparatus 10 in an advanced or completely closed position, wherein the left and 
right mold segments 22 and 24, and the upper and lower mold segments 26, 28, 30, 32 
have been advanced inwardly toward the now spread out parison 56. Preferably, the left 
and right mold segments 22 and 24 are advanced to a closed position first, and then the 
rear and front mold segments 26, 28, 30, 32 are advanced to their closed positions 
although they could be closed in the reverse order. Alternatively, all of the mold 
segments 22, 24, 26, 28, 30, 32 may be advanced simultaneously so as to provide 
simultaneous circumferential closure of the mold around the parison 56. 
[00351 The mold is closed when the abutment surfaces 26b and 28b of the rear 

mold segments 26 and 28 abut one another and when abutment surfaces 30b and 32b of 
the front mold segments 30 and 32 abut one another. Closure of the mold traps the 
parison 56 and closes its ends with the blow pin device 50 extending into the parison 56 
within the mold cavity 34. Preferably, the left and right mold segments 22 and 24 
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include a sealing aperture (not shown) for engaging and sealing around a portion of the 
blow pin device 50. As is well known in the art of blow molding, a portion of the 
extruded parison 56 is severed between the top of the mold and the bottom of the 
extruder and another portion is severed below the bottom of the mold, such that the 
parison 56 remains intact within the mold and is sealed by the mold. 
[0036] Desirably, as the mold is closed, the parison 56 engages feet (not shown) 

of the carrier 54 to limit or prevent relative movement between the carrier 54 and the 
parison 56. To adhere to the parison 56, the feet are preferably a polymeric material 
directly bondable to the innermost layer of the parison 18, such as HDPE or re-grind 
material. The remainder of the carrier 54 can be made out of any material suitable for 
use in the liquid fuel to be stored in the tank, including without limitation, metals and 
polymers such as HDPE or re-grind material. 

[0037] As shown in FIG. 5A, with the parison 56 positioned within the closed 

mold, pressurized air may be provided through apertures 62 of the blow pin device 50 to 
expand the parison 56 into engagement with the various mold surfaces in order to form 
the final shape of the finished blow molded article. The pressurized air may be at a 
pressure of about 10 bar and, to facilitate cooling the parison 56 (which may be extruded 
at about 250 degrees Celsius), the mold may be chilled to about 10 degrees Celsius using 
standard cooling passages formed within the various mold segments. 
[0038] Sixth, FIG. 5B illustrates the parison fully blown and shaped into a final 

molded article 64 within the closed mold. After the blow molded article 64 has cooled 
sufficiently to retain its shape, the supply of pressurized air is turned off, the blow pin 
device 50 withdrawn, the mold opened, and the blow molded article 64 removed. 
[0039] FIG. 6 illustrates a partial cross-sectional view through the wall of the 

molded article 64. The molded article 64 is a multi-layer component as described above 
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and preferably includes six layers. For simplicity, the wall is shown as including a 
sensitive inner membrane 66 that is sandwiched between an outer layer 68 and an inner 
layer 70. For exemplary purposes, and referring to FIG. 6 and FIG. 3A, the parting line 
72 results from the interface of the sliding surfaces 22r and 26d of the left mold segment 
22 and rear left mold segment 26. Similarly, parting line 74 results from the interface of 
the abutment surfaces 26b and 28b of the rear mold segments 26 and 28. Likewise, 
parting line 76 results from the interface of the sliding surfaces 28d and 24r of the rear 
right mold segment 28 and the right mold segment 24. Unlike prior art molding 
apparatuses and methods, however, the present invention does not result in large parting 
lines that yield ruptures in the inner membrane 66. Accordingly, the present invention 
enables fuel tanks to be blow molded without compromising the structural integrity of 
the layers thereof. In other words, the present invention yields fuel tanks in which the 
barrier layer is imperforate so that no hydrocarbons can escape through any breaches or 
voids in the fuel tank wall. 

[0040] With this invention, it is now possible to integrally blow mold a flange 

portion on a relatively narrow and generally tubular or cylindrical hollow vessel. The 
sliding mold segments of the present invention are capable of opening or retracting along 
multiple axes, which facilitates use of a relatively larger parison than before possible. In 
turn, using a larger parison translates into a reduced stretch ratio when blow molding the 
parison. This is because the larger parison can be sized to approximate the size of the 
interior of a narrower portion of the mold cavity compared to a relatively larger flange 
portion of the mold cavity. The difference in diameter between the portions of the mold 
cavity may be about two to one. In accordance with the present invention, a portion of 
the larger parison is expanded very little or just enough to engage the narrower portion of 
the mold cavity, and another portion of the larger parison is expanded in accordance with 
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a standard, acceptable stretch ratio to engage the larger flange portion of the mold cavity. 
In other words, and as an example, the larger parison may undergo a stretch ratio of 
about one in a narrower portion of the mold cavity and a stretch ratio of about two to one 
in the larger flange portion of the mold cavity. With conventional two-piece molds and 
using conventional blow molding methods, such a configuration would require much 
larger differences in stretch ratios between a relatively narrow portion of a mold cavity 
and a relatively larger flange portion of a mold cavity. For example, a conventional 
approach would require using a relatively smaller parison that would undergo a stretch 
ratio of about one to two in the narrower portion of the mold and a stretch ratio of about 
three to two in the larger flange portion of the mold. Thus, the present invention 
provides a significant improvement in the art of blow molding that yields lower stretch 
ratios and more uniform wall thickness of blow molded components, and that avoids 
excessive flash and rupturing of sensitive inner membranes. 

[0041] Using movable mold segments that traverse in a plurality of generally 

transverse axes, permits using a larger parison, which in turn, accommodates use of a 
"Ship-in-a-Bottle" fuel tank and carrier design. A larger parison has a larger internal 
diameter, which facilitates inserting larger carriers therein during a blow molding 
process. In the past, it has sometimes been required to manufacture a fuel tank from two 
half-shells in order to accommodate assembly of a carrier or large components within the 
fuel tank. Such fuel tank manufacturing techniques tend to be more difficult and costly 
than fuel tank blow molding techniques and tend to have unacceptably high hydrocarbon 
permeation losses. Thus, the present invention provides a method of blow molding fuel 
tanks that is less expensive than prior art methods and that results in a fuel tank with 
comparably higher structural integrity and significantly lower hydrocarbon permeation 
losses. 
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[0042] While the forms of the invention herein disclosed constitute a presently 

preferred embodiment, many others are possible. For instance, the mold segments may 
be independently arranged and not mounted to one another, and the mold segments may 
move in oblique axes other than the perpendicularly oriented X and Y axes. It is not 
intended herein to mention all the possible equivalent forms or ramification of the 
invention. It is understood that terms used herein are merely descriptive, rather than 
limiting, and that various changes may be made without departing from the spirit and 
scope of the invention as defined by the following claims. 
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